Improved beta (local beta > 1) and density in electron cyclotron resonance heating on the RT-1 magnetosphere plasma Abstract This study reports the recent progress in improved plasma parameters of the RT-1 device. Increased input power and the optimized polarization of electron cyclotron resonance heating (ECRH) with an 8.2 GHz klystron produced a significant increase in electron beta, which is evaluated by an equilibrium analysis of Grad-Shafranov equation. The peak value of the local electron beta  e was found to exceed 1. In the high beta and high-density regime, the density limit was observed for H, D, and He plasmas. The line average density was close to the cutoff density for 8.2 GHz ECRH. A density limit exists even at the low beta region. This result indicates the density limit is caused by the cutoff density rather than the beta limit. From the analysis of interferometer data, the uphill diffusion produces a peaked density profile beyond the cutoff density.
The ring trap 1 (RT-1) device is a "laboratory magnetosphere" created by a levitated superconducting ring magnet, which is dedicated to studying of physical processes in the vicinity of a magnetic dipole. An inhomogeneous magnetic field creates interesting plasma states that are degenerate in homogeneous (or zero) magnetic fields. The RT-1 experiment has demonstrated the self-organization of a plasma clump with a steep density gradient; a peaked density distribution is spontaneously created through "uphill diffusion" [1] [2] [3] . The turbulent transport explains the same phenomena observed in a dipole magnetospheric plasma in the levitated dipole experiment (LDX) [4] . When the local electron beta b e in the RT-1 is close to 0.7 [5], the ions remain cold being virtually decoupled with the hot component (> 10 keV) and low density (< 10 18 m -3 ) electrons. For advanced fusion researches, although we require higher ion temperature, density, and plasma pressure, the ion temperature of the RT-1 is still situated in the linear regime. When the ion temperature increases further, two-fluid effects on the plasma flow is expected to appear theoretically in a high ion beta plasma (b i ≥ 0.1) and nonlinear regime (the Bernoulli-Beltrami state) [5] . Thus two scenarios are investigated to realize the ion heating. Scenario A is to conduct an ion cyclotron resonance heating (ICRH). Scenario B is to prompt a collision relaxation between hot electrons and ions. In both cases, achieving an electron density > 10 18 m -3 as a target plasma is essential. The RT-1 was implemented with an 8.2 GHz klystron for electron cyclotron resonance heating (ECRH) that can inject the power of 25 kW per a transmission line. The recent upgrade of adding a transmission line extends the accessible regime in electron density and diamagnetism which corresponds to b e [4] . This paper reports the extension of the operation regime. The upgrade and optimization of ECRH system extend the operation regime in electron beta and electron density in the magnetospheric plasmas in RT-1. The  e was found to exceed 1 from the solution of Grad-Shafranov equation. The density limit is appeared, when the line average density at the tangency radius of 0.45 m achieves close to the cutoff density for 8.2 GHz EC wave. Then the reconstruction of electron density profile from the interferometers indicates the peaked density profile, which exceeds the cutoff density for 8.2 GHz EC wave. The inward diffusion explains the peaked density profile. 
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